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I. INTRODUCTION
In the conventional methods, structures resist against earthquakes via stiffness, ductility and dissipation of energy. Dissipated energy is minor in elastic range due to low damping in structures. The most dissipated energy develops during strong earthquakes after the elastic range behavior. The potential of inelastic displacement makes these structures to be stable. These inelastic displacements cause formation of plastic hinges at some points of structures. As it is known, plastic hinges cause ductility and dissipation of energy to increase. Ultimately, a lot of earthquake energy is dissipated due to local damages in lateral resistant system of structure [1] .
Nowadays, another way has been concerned in the world in order to reduce earthquake effects with regard to how energy is distributed in structures. During an earthquake, a lot of energy is imposed to the structure. This energy enters the structure in both kinematic and potential forms absorbed or dissipated to some degrees. As it is known, structural vibrations will approach infinity without damping, but there is always damping in structures because of structural properties. Also, it is possible to develop efficiency of structure by adding dampers [2] .
As mentioned, Structures can dissipate a lot of energy during earthquake via ductility, but the incidence of much ductility will be accompanied by formation of plastic hinges at some elements of structure [3] . Energy dissipation systems in buildings cause reduction of damage in structural elements during earthquake and as a result they prevent buildings from demolishing. Generally, Structural protective systems can be divided into three groups of active, semi-active and passive systems (seismic isolation is included in the passive systems). Structural protective systems have been shown in Fig. 1 [4] , [5] . 
II. FRICTION PENDULUM DAMPER (FPD)
Friction Pendulum Damper has an initial slip-load (μW) and a lateral restoring stiffness (W/R) with regard to its special geometry same as Friction Pendulum System (FPS) in base isolation, where W is supported weight, μ is coefficient friction and R is the radius of curvature of concave surface [6] - [9] .
Difference between FPD and Pall friction damper is due to lateral restoring stiffness of FPD. This damper can be designed not to slide under weak earthquake or wind load, but it begins to slide during strong earthquakes under a predetermined force. This slide dissipates the input energy to the structure and prevents braces and other structural elements to yield. The special configuration of FPD dampers should be used in chevron and inverted chevron (V) braces. Fig. 2 indicates this special configuration [10] - [12] .
III. MODELING Models used in this paper for studying Pall in the range of 160 kN to 220 kN for 3-storey frame and 120 kN to 180 kN for 8-storey frame. The results of maximum top floor deflection, maximum base shear and maximum top floor acceleration for the frames with and without FPD and Pall friction dampers for various radiuses of curvature and slip-loads of 200 kN (3-storey) and 160 kN (8-storey) are shown in Fig. 14-Fig. 25 .
As seen in the figures, the amounts of maximum base shear and maximum top floor displacement are reduced and increased respectively by increasing R of FPD. Also, amount of maximum top floor acceleration is reduced by increasing R but this reduction is not considerable.
Maximum top floor deflection, maximum base shear and maximum top floor acceleration of 3-storey frame equipped with FPD have been reduced 30%, 60% and 24% respectively in comparison with the 3-storey frame without damper. Also, Maximum top floor deflection of the frame equipped with FPD has been reduced 15% more compared to the frame equipped with Pall friction damper while base shear has increased 20% approximately.
Maximum top floor deflection, maximum base shear and maximum top floor acceleration of 8-storey frame equipped with FPD have been reduced 25%,70% and 35% respectively in comparison with the 3-storey frame without damper. Also, Maximum top floor deflection of the frame equipped with FPD has been reduced 13% more compared to the frame equipped with Pall friction damper while base shear has increased 20% approximately. 
